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stratified, capped by a warm surface layer that is approximately in
equilibrium with atmospheric C02. The deep waters of the world's
oceans are formed in polar seas and slowly circulate through the ocean
basins, with an abyssal (deep ocean) circulation time estimated at
about 500 years. In the surface waters, CO2 is fixed by photosyn-
thetic activity and rapidly cycled by grazing organisms, with slow
sedimentation of carbon into deeper layers where oxidation or deposition
takes place. The absorption of C02 by the ocean is buffered by reac-
tions with dissolved carbonate and bicarbonate ions. In the surface
mixed layer, the "buffer factor" increases with growing C02 concen-
trations, and the capacity of the ocean to absorb C02 added to the
atmosphere will decrease unless additional factors change. Measurements
of ocean C02 at the surface and at depth are consistent with our
understanding of the processes involved and confirm the observed
atmospheric increases in concentration. Figure 1.8 shows the increase
in C02 in the atmosphere and in surface ocean waters since 1957.

Mathematical models of ocean C02 uptake have been able to reproduce
the records of C02 and related observations that we have, although
complex processes of vertical transport have been modeled as simple
diffusion. Radionuclides injected into the atmosphere by bomb tests
have served as effective tracers of ocean circulation and essential
empirical calibrators of these ocean models. However, the expression
of all oceanic physics as a single unrealistic process hardly inspires
confidence in the models' ability to deal with altered climatic regimes
in the future. Moreover, potentially significant processes, such as
changing riverine fluxes of terrestrial carbon and nutrients to the
sea, may not yet have been adequately evaluated and represented.
Nevertheless, at least for the short run, present-day models appear
satisfactory to answer the question of how much anthropogenic C02 is
taken up by the ocean. Brewer (this volume, Chapter 3, Section 3.2)
reports several estimates that give a value at the present time of
about 2 Gt of C/yr, or 40% of fossil fuel emissions.

The terrestrial biota and soils contain about three times as much
carbon as the atmosphere, and their changes could influence the atmo-
spheric burden. The most active and vulnerable portion of the biota is
in forests, which probably contain between about 260 and 500 Gt of C
(Olson and Watts, 1982) . As discussed by Woodwell (see Figure 1.9 and
Chapter 3, Section 3.3) , the net flux of carbon between the atmosphere
and any ecosystem depends on the balance between photosynthetic produc-
tion by green plants and respiration by both plants and other organisms.
Woodwell observes that on land photosynthesis is more susceptible to
disturbance than respiration, so disturbance of the biota tends to
release carbon into the atmosphere in the period following disturbance.
Subsequently, over a period of years to decades or longer, the balance
may shift through recovery due to succession and the slow migration of
plants in response to a new, stable environment. Increased C02
enhances photosynthesis but does not necessarily lead to increased
storage of carbon; on the other hand, increased temperature tends to
increase respiration. Extension of growing seasons and extension or
reduction of biomes with climate change can also affect the terrestrial
carbon balance, particularly on longer time scales. It is thus